Salinity may limit plant growth especially in arid and semiarid regions. Arbuscular mycorrhizal fungi (AMF) and the supply of inorganic phosphorus (P i ) could alleviate the negative effects of such stress by improvement in stomatal conductance, photosynthesis and biomass. The aim of this study is to evaluate the ecophysiological performance of Cenostigma pyramidale (Tul.) E. Gagnon & G. P. Lewis (Fabaceae) in a greenhouse under salinity conditions in combination with the supply of AMF and leaf P i . The experiment was conducted in a factorial design considering two levels of salinity (+NaCl and −NaCl), two levels of AMF (+AMF and −AMF) and two levels of leaf P i supply (+P i and −P i ). The variables gas exchange, leaf primary metabolism, dry biomass and nutrients were measured. Plants with AMF under non-saline conditions presented a high photosynthesis and biomass. In saline conditions, AMF promoted lower decrease in photosynthesis, high shoot dry matter and low content of leaf and root Na + and Cl
Introduction
Salinization of soils is one of the main environmental problems in several regions of the world. It is increased especially in arid and semiarid environments (Munns and Tester 2008 , Evelin et al. 2009 . In northeastern Brazil,~30% of all irrigated areas are affected by salinity (Aguiar Neto et al. 2007) . Salinity promotes the reduction in the soil osmotic potential, making it difficult for roots take up water, leading to water stress conditions (Munns and Tester 2008) . High salt concentrations in the soil affect plants physiologically, anatomically and molecularly, and may change the basic soil texture, resulting in decreased soil porosity and, consequently, reducing aeration and water conductance (Munns and Tester 2008 , Polle and Chen 2015 . In order to tolerate such condition, plants have intrinsic mechanisms such as osmotic adjustment, abundance of osmoprotective molecules (such as proline and sugars), increased activity of the antioxidant system, homeostasis, and morphological and anatomical plasticity. These intrinsic mechanisms protect the photosynthetic machinery in order to maintain growth (Ruiz-Lozano et al. 2012, Polle and Chen 2015) .
Arbuscular mycorrhizal fungi (AMF) are important integral components of the natural ecosystem. They are known to exist in saline environments (Giri et al. 2007 ). Many researchers have reported that AMF may increase the plant's capacity to handle stress (YanoMelo et al. 2003 , Jahromi et al. 2008 , Sheng et al. 2008 , Evelin and Kapoor 2014 , Porcel et al. 2015 , Pipetas et al. 2017 ) through gains in the absorption of nutrients (Cantrell and Linderman 2001) , ionic balance (Giri et al. 2007 ), protection of enzyme activity and facilitating the absorption of water , Bárzana et al. 2014 . This promotes less accumulation of sodium and chlorine, stabilizing the Na + /K + ratio and regulating genes involved in tolerance to salinity (Evelin et al. 2009 ).
In addition, several studies indicate that the use of inorganic phosphorus (P i ) may improve plant growth under low water availability conditions (Garg et al. 2004 , Santos et al. 2004 , Campbell and Sage 2006 . The high control of stomatal conductance, increased photosynthesis and biomass (Santos et al. 2004 , Singh et al. 2013 , Oliveira et al. 2014 , increased cell membrane stability and an improved water-use efficiency (Faustino et al. 2013) have been attributed to the application of P i .
In this scenario, the supply of leaf P i and AMF may be a tool for a greater tolerance to salinity conditions by plants used for the regeneration of areas in seasonally dry tropical forests. Among native woody species, Cenostigma pyramidale (Tul.) E. Gagnon & G. P. Lewis [formely Poincianella pyramidales (Tul.) LP Queiroz (Fabaceae)] is widely distributed in the Brazilian northeastern semiarid. It is used for the recovery of degraded areas and may be an interesting model for studying the mechanisms of tolerance to abiotic factors such as drought and salinity. Recent studies on this species focused on the ecophysiological aspects of successional gradients (Falcão et al. 2015) and on physiological performance in association with AMF under hydrated (Frosi et al. 2016a ) and drought conditions (Frosi et al. 2016b) .
We believe that AMF and leaf P i supply may be tools that mitigate the deleterious effects of salinity in plants. Furthermore, we believed that the two tools together will have a synergistic effect, since several studies pointed to an increase in tolerance to abiotic stress when they were used separately. Thus, this study aims to evaluate the ecophysiological performance (gas exchange, leaf primary metabolism, nutritional status and growth) of C. pyramidale plants subjected to salinity conditions associated with AMF and supply of leaf P i . Our hypotheses are (1) AMF or leaf P i supply promotes greater growth and tolerance by young plants when subjected to salinity conditions, and (2) AMF and leaf P i supply together promotes the highest growth and tolerance to salinity conditions in young plants compared with plants treated only with AMF or P i .
Materials and methods

Growth conditions and plant material
The experiment was conducted in a greenhouse in northeastern Brazil (8°08′58′S, 34°56′55′W), at an average temperature of 34 ± 2°C, 40-60% of relative humidity and natural daylight (maximum light flux: 1400 μmol m −2 s
−1
). Plants were kept at an ideal hydration (pot capacity-300 ml) until the beginning of the salinity stress. The experimental design was performed in a factorial 2 × 2 × 2 (presence or absence of salt, AMF or P i ), totaling eight treatments: Control, P i , AMF, AMF * P i , Salt, Salt * P i , Salt * AMF and Salt * AMF * P i , with eight replicates each and one plant per pot, totaling 64 experimental units. From these eight replicates, four were selected to evaluate biomass and nutrients and four were intended studying for the other variables.
Isolated AMF [Acaulospora longula Spain & N.C. Schenck (URM AMF 07) and Claroideoglomus etunicatum (W.N. Becker & Gerd.) C. Walker & A. Schüßler (URM AMF 03)] were provided by the Mycorrhizas Laboratory's Inoculum Bank at the Mycology Department of UFPE. These AMF species were chosen because they are widely distributed in the Brazilian northeastern semiarid (Silva et al. 2014) . The inoculum of each isolate (spores and pieces of roots) was placed in pots containing 5 kg of sterilized soil with Panicum miliaceum L. and Sorghum bicolor (L) Moench cultures to increase the spore density within 3 months. The soil inoculum consisted of spores and roots fragments. Spores were extracted from the soil by wet sieving and centrifuged with water and sucrose (Gerdemann and Nicolson 1963, Jenkins 1964 ). Then they were measured using a stereomicroscope (40×) to quantify the number of spores per gram.
Cenostigma pyramidale (Tul.) E. Gagnon & G. P. Lewis seeds were provided by the Centro de Referência para Recuperação de Áreas Degradadas (CRAD)-UNIVASF/Petrolina-PE. Seeds were sterilized in 1% hypochlorite (v/v) for 5 min, washed with deionized water and placed in trays containing sterilized washed sand to germinate. After 20 days, seedlings were transferred to 100 ml pots with sterilized soil. Seedlings destined for inoculation received soil inoculum with 150 spores from each AMF in roots, totaling 300 spores per plant. Non-inoculated plants received the same amount of autoclaved rhizosphere soil. After 30 days under these conditions, the plants were transferred to pots containing 5 kg of same soil type with a phosphorus (P) concentration adjusted to 33 mg dm −3 by applying simple superphosphate (P 2 O 5 ) in all treatments for standardization. This concentration was determined in a prior study (Frosi et al. 2016a) , in which 33 mg dm −3 of P in the soil promoted higher gains in plant biomass in this species under well-watered conditions. The soil used was collected in the Pernambuco state, Brazilian Northeast (7°35′39′S, 34°54′23′W). It was classified as dystrophic yellow Latosol and its biochemical characteristics are Tree Physiology Volume 38, 2018 shown in Table S1 available as Supplementary Data at Tree Physiology Online.
Salinity stress was imposed by saline irrigation with a NaCl 100 mM solution (300 ml) around 08:00 am every day when plants completed 6 months of development. This concentration is sufficient to achieve a soil electrical conductivity above 2 mS cm −1 , characterizing the soil as saline (US Salinity Laboratory 1954) . Two days before the beginning of the stress, plants intended for leaf P i supply treatments were sprayed with a monoammonium phosphate solution in leaves (10 g P i l
). This solution also had nitrogen. At same time, to avoid possible differences among treatments, the others plants received an equivalent dose of nitrogen as urea PA (2.64 g N l ), according to Santos et al. (2006) . Leaf relative water content (RWC), soil moisture (SM), soil electrical conductivity (EC), gas exchange and chlorophyll a fluorescence were evaluated when saline condition was established. Plants were harvested on the last day of the experiment (maximum stress) for performing an analysis of mycorrhizal colonization, organic solutes, photosynthetic pigments, dry biomass and leaf and root nutrients. The maximum stress was determined when stomatal conductance and photosynthesis were close to zero in salinity treatments, which occurred 11 days after beginning of the saline irrigation.
Mycorrhizal colonization
For the quantification of mycorrhizal colonization, fine roots from four plants per treatment were used. They were clarified with 10% KOH (w/v) for 48 h at 25°C, washed with distilled water and colored with 0.1% acid fuchsin (w/v) for 12 h (Koske and Gemma 1989) . One hundred 1 cm pieces from each sample were examined under a microscope at a 40× magnification (Giovannetti and Mosse 1980) . Roots that presented some AMF structures-arbuscules, vesicles, hyphae and sporeswere considered colonized.
Leaf relative water content and soil electrical conductivity
Leaf discs with a known size were collected at 06:00 am and immediately weighed on a precision scale (AND H200, Tokyo, Japan) to obtain fresh weight (FW). Then, they were immediately soaked for 24 h in deionized water and weighed again to determine turgid weight (TW). Subsequently, discs were dried for 48 h in a forced-air ventilation oven and weighed to obtain dry weight (DW). The leaf RWC was obtained by using the formula RWC (%) = [FW -DW/TW -DW] × 100 (Barrs and Weatherley 1962) .
Soil samples were collected weighed (10 g) and homogenized in 25 ml of deionized water. This solution was stirred three times for 2 min, totaling 10 min. The solution was kept still for 40 min, and the supernatant was collected to measure the electrical conductivity using a conductivity meter (Model CD-4306, Lutron Electronic Enterprise Co., Taipei, Taiwan, China).
Gas exchange
Gas exchange was measured in the third expanded leaf pair with an infrared gas analyzer (IRGA, ADC, LCi-Pro model, Hoddesdon, UK). Stomatal conductance (g s ), net photosynthetic rate (A) and transpiration rate (E) were obtained. The maximum stress was determined when g s and A were close to zero, which occurred after 11 days under salinity. Measurements were performed between 09:00 and 11:00 am. The photosynthetic photon flux density (PPFD) was determined by the measuring the global radiation incident at the measurement time, with an air flow through the sample chamber of 400 μmol m 
Chlorophyll a fluorescence
Chlorophyll a (Chl a) fluorescence was obtained with a Fluor Pen FP100 portable fluorimeter (Photon Systems Instruments, Brno, Czech Republic) in the third expanded leaf pair at the moment of gas exchange. Leaves were adapted to dark for 30 min in order to determine the minimal fluorescence of leaves adapted to dark (F o ). The maximum fluorescence of leaves adapted to dark (F m ) was calculated after the incidence of a saturating pulse of~5000 μmol m −2 s −1
. The variable fluorescence of leaves adapted to dark (F v ) was calculated by F v = F m − F o . Fluorescence emission at steady state (F′) and maximum fluorescence (F m ′) were determined for leaves adapted to light used in gas exchange measurements (1000 μmol m −2 s −1 in maximum stress day) for 1 s. Data were used to calculate the maximum quantum efficiency of PSII (F v /F m ), maximum efficiency of PSII (F v ′/F m ′), photochemical quenching (qP), electron transport rate (ETR) and non-photochemical quenching (NPQ) (Baker 2008) .
Organic solutes and photosynthetic pigments
Leaves were collected (~3 g) at 03:00 pm during maximum stress. They were immediately frozen in liquid nitrogen and stored at −20°C. Soluble sugars (SS), sucrose, fructose, total free amino acids (FAA), proline and total soluble proteins (TSP) were determined according Dubois et al. (1956 ), Handel (1968 , Foreman et al. (1973) , Moore and Stein (1948) , Bates et al. (1973) and Bradford (1976) . The insoluble fraction of the SS extract was used to determine the starch content. The pellet was hydrolyzed for 1 h with 10 units of amyloglucosidase, and the resulting sugars were analyzed (Dubois et al. 1956 ).
Chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoids (Car) were measured as described by Lichtenthaler and Buschmann (2001) . The concentrations of organic solutes were expressed as Tree Physiology Online at http://www.treephys.oxfordjournals.org dry weight by converting fresh weight, used in the extraction to dry weight. All readings were performed with a double beam spectrophotometer (Geneses 10S UV-Vis, Thermo Scientific, Waltham, MA, USA).
Dry biomass
Shoot parts were separated and placed under forced ventilation at 70°C until constant weight. They were weighed on a precision scale (AND H200). We measured the dry weight of the root system, but decided not to discuss it here because there was a great variation, probably due to loss upon removing the plants from the pots.
Nutrients
For the quantification of nitrogen (N), phosphorus (P) potassium (K + ) and sodium (Na + ), 250 mg of leaf and root dry matter were used. The material was digested in a sulfuric acid solution (H 2 SO 4 ) in a digester block at 350°C to obtain a sample extract (Thomas et al. 1967) . Total N content was determined according to Thomas et al. (1967) . The P content was spectrophotometrically determined (Spectrophotometer 600S, FEMTO, São Paulo, Brazil) (Murphy and Riley 1962) . K + and Na + contents were determined by flame photometry (DM-62, Digimed, São Paulo, Brazil) (Silva 2009 ). For chloride (Cl − ), 500 mg of leaf and root dry matter were used. The extracts were obtained using the Mohr method, and the content was determined according to Lacroix et al. (1970) . The Na + /K + ratio was calculated for shoots and roots using Na + and K + data.
Statistical analysis
The experiment was completely randomized in a factorial design with two salinity levels [no salinity (-NaCl) and saline (+NaCl)] × 2 symbiosis levels [inoculated (+AMF) and non-inoculated (-AMF)] × 2 leaf phosphorus levels [with leaf inorganic phosphorus (+P i ) and without leaf inorganic phosphorus (−P i )]. Thus, for analysis of the all data, we performed a factorial ANOVA, with AMF, P i and Salt as independent variables, respecting all prerequisites (normality and homogeneity). Data expressed in percentage (colonization, RWC and SM) were transformed into arcsine √x for statistical analysis. When significant differences were observed, the means were compared using the Student Newman Keuls test (P < 0.05). Data were analyzed with the software Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA). In order to reduce the probability of type I error for multiple comparisons resulting from simultaneous analyses of attributes during the experiment, the Benjamini and Hochberg (1995) procedure was used with α of 0.05. Statistical summary of differences in data for all attributes between treatments in relation to each factor or their interactions, as the Benjamini and Hochberg (1995) procedure, is described in Table 1 .
The principal component analysis (PCA) was performed to verify possible clusters, eliminate redundancies and define the most important variables during the separation of groups under maximum stress. For PCA, mycorrhizal colonization (exclusive of inoculated plants) and Na 
Results
Mycorrhizal colonization
In plants treated with AMF (+AMF), the highest percentage of colonization occurred in AMF and Salt * AMF * P i , followed by AMF * P i and Salt * AMF plants (Table 2) .
Leaf relative water content, soil moisture and soil electrical conductivity
On the maximum stress day, there was a 4.4% decrease in RWC in the treatments AMF * P i , Salt * P i and Salt * AMF and a 10% decrease in Salt * AMF * P i compared with Control plants. Despite the reductions observed in these treatments, the RWC was maintained above 85% (Table 2) . Soils moisture was higher in salt treatments; on the maximum stress day, the values were 27% higher in salt treatments compared with non-saline treatments ( Table 2 ). The EC was seven times higher in the treatments Salt * P i , Salt * AMF and Salt * AMF * P i and 21 times higher in the Salt treatment compared with Control plants (Table 2) .
Gas exchange
Gas exchange was higher throughout the experiment under nonsaline and saline conditions in the treatments with isolated AMF (AMF and Salt * AMF) (see Figure S1 available as Supplementary Data at Tree Physiology Online). On the maximum stress day, the g s decreased in saline treatments compared with Control plants, except for Salt * AMF plants. Higher decreases (89%) were observed for Salt plants (Table 2) . Under saline conditions, all treatments decreased A. However, Salt * AMF plants decreased the A by 49%, while Salt plants decreased the A by 80% compared with the Control treatment ( Table 2 ). Saline treatments decreased the E in comparison with Control plants, except for Salt * AMF plants. High decrease (68%) was observed in Salt plants, a behavior similar to that of g s (Table 2) .
Chlorophyll a fluorescence
On the maximum stress day, the F v /F m decreased 11% only in the treatments Salt * P i and Salt * AMF * P i compared with Control plants. The F v ′/F m ′ and ETR decreased in all treatments in comparison to the Control treatment. The F v ′/F m ′ decreased greatly (49%) in all saline treatments. Electron transport rate showed the highest decreases in the treatment Salt * AMF * P i . The qP was not affected by any saline treatments. The NPQ increased in all treatments, except for AMF * P i and Salt * AMF * P i (Table 2) .
Organic solutes and photosynthetic pigments
Starch decreased in all treatments compared with Control plants.
The greatest decrease occurred in the treatment Salt * P i ( Figure 1a ). The soluble sugars increased 24% only in Salt treatment and decreased in other saline treatments (Figure 1b) . Sucrose increased 4% in Salt * AMF * Pi plants, and decreased 10% in other treatments, except for Salt treatment, compared with the Control treatment ( Figure 1c ). Fructose increased 106% in Salt * AMF and Salt * AMF * Pi plants, did not differ in others saline treatments compared with the Control treatment (Figure 1d ). The FAA did not differ in saline treatments compared with the Control treatment (Figure 2a) . The TSP was higher only in Salt treatment (Figure 2b) . Proline increased in all saline treatments. The highest content observed was for Salt * AMF * P i plants (Figure 2c ).
The Chl a decreased 28% in the treatment Salt * AMF* Pi and increased in other saline treatments, except for Salt * AMF Table 1 . Statistical summary of effects in variables (RWC-relative water content; g s -stomatal conductance; EC-electrical conductivity; A-net photosynthetic rate; E-transpiration rate; F v /F m -maximum quantum efficiency of PSII photochemistry; F v ′/F m ′-maximum efficiency of PSII; ETR-electron transport rate; qP-photochemical quenching; NPQ-non-photochemical quenching; SS-soluble sugars; FAA-free amino acids; TSP-total soluble proteins; Chl a-chlorophyll a; Chl b-chlorophyll b; Car-carotenoids; N-nitrogen; P-phosphorus; K + -potassium; Na + -sodium; Cl --chloride; Na + /K + -sodium/potassium rate) of young Cenostigma pyramidale plants in two mycorrhizal (+AMF and −AMF), two foliar P i supply (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) under greenhouse conditions. The values represent the F value of statistical test (factorial ANOVA) of maximum stress day (11th day). Boldface denotes significant results. *P < 0.05; **P < 0.01; ***P < 0.001. Denotes P-values significant at α = 0.05 in maximum stress day according to the Benjamini-Hochberg procedure when corrected for 34 comparisons.
Tree Physiology Online at http://www.treephys.oxfordjournals.org (Figure 3a) . The Chl b increased in Salt and Salt * P i , but was not affected by Salt * AMF and Salt * AMF * P i (Figure 3b ). The Car increased in the treatments P i , Salt and Salt * P i compared with Control plants (Figure 3c ).
Dry biomass
Under saline conditions, only Salt * AMF plants increased shoot biomass compared with Control treatment, while others saline treatments did not differ (Figure 4 ).
Nutrients
Shoot N was higher in the treatments AMF * P i , Salt * P i and Salt * AMF * P i . The P content in shoots and roots was higher in the Table 2 . Attributes measurements (RWC-relative water content; SM-soil moisture; EC-electrical conductivity; g s -stomatal conductance; A-net photosynthetic rate; E-transpiration rate; F v ′/F m ′-maximum efficiency of PSII; ETR-electron transport rate; qP-photochemical quenching; NPQnon-photochemical quenching) in maximum stress day (11th day of experiment) in young Cenostigma pyramidale plants in two mycorrhizal (+AMF and −AMF), two foliar P i supply (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) under greenhouse conditions. , two leaf Pi supply levels (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) under greenhouse conditions. Different letters indicate differences according to Student Newman Keuls test (P < 0.05) (n = 4 ± SE). ) and (c) proline in young Cenostigma pyramidale plants in two mycorrhizal levels (+AMF and −AMF), two leaf P i supply levels (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) under greenhouse conditions. Different letters indicate differences according to Student Newman Keuls test (P < 0.05) (n = 4 ± SE).
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treatments that received the supply of leaf P i compared with other treatments. The highest increase (563%) in shoots was observed for AMF * P i plants compared with the Control treatment. The higher increases in roots occurred in P i and Salt * P i plants. Shoot (Table 3) .
Principal component analysis
The variables accounted for 49.85% of the total data variation at ordination. The most relevant attributes to distinguish groups presented eigenvector values >0.21. Treatments were grouped according to salinity in PC1 and according to AMF and P i in PC2. In PC1, the most relevant attributes and their correlation coefficients were A (r = 0.98), shoot Na (Figure 5 ). The Salt treatment showed large decreases in gas exchange, with higher contents of Na + and Cl − in roots and high values of photosynthetic pigments and SS, forming a more distanced and different group at ordination. Salt * P i plants had large increases in shoot Cl − and large decreases in starch, while the treatment Salt * AMF * P i presented large decreases in Chl a, RWC and SS and increases in fructose and proline, forming two different groups at ordination. Salt * AMF plants presented no decreases in g s and E, low decreases in A and large increases in shoot dry biomass compared with other salinity treatments. There was less content of shoot Cl − and no accumulation of shoot Na + . There was a decrease in this ion in roots, forming a distinct grouping at ordination closer to Control plants ( Figure 5 ). Among non-saline treatments, AMF plants showed a low decrease in SS and presented high A and shoot dry biomass. AMF * P i plants presented high E, fructose and shoot N, and low shoot Cl − and SS, differentiating at ordination. P i plants presented a high Car content in relation to other non-saline treatments and low increase in g s and shoot dry biomass, forming a distinct group at ordination ( Figure 5 ).
Discussion
In our study, C. pyramidale plants improved their leaf primary metabolism under non-saline and saline conditions in the presence of P i AMF or both simultaneously. Therefore, our Hypothesis 1 (AMF or leaf P i supply promotes a greater growth and a higher tolerance of plants under salinity conditions) was partially corroborated. This was evidenced by an improvement in and (c) carotenoids (Car) in young Cenostigma pyramidale plants in two mycorrhizal levels (+AMF and −AMF), two leaf P i supply levels (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) under greenhouse conditions. Different letters indicate differences according to Student Newman Keuls test (P < 0.05) (n = 4 ± SE). Figure 4 . Shoot dry biomass in young Cenostigma pyramidale plants in two mycorrhizal levels (+AMF and −AMF), two leaf P i supply levels (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) under greenhouse conditions. Different letters indicate differences according to Student Newman Keuls test (P < 0.05) (n = 4 ± SE).
Tree Physiology Online at http://www.treephys.oxfordjournals.org gas exchange under saline conditions and by increases in shoot biomass only in AMF plants. In addition, AMF plants showed less contents of shoot Na + and Cl − . Hypothesis 2 (AMF and leaf P i supply together promotes the highest growth and tolerance to salinity conditions in young plants compared with plants treated only with AMF or P i ) was not confirmed. Despite increases in gas exchange, photochemistry and biochemical metabolism in these plants, Salt * AMF * P i plants did not show increases in biomass and photosynthetic rates when compared with Salt * AMF. The absence of a synergistic effect between AMF and leaf P i could be due to AMF efficiency in supplying plants with nutrients, especially P i , which showed a low content in the soil at the end of the experiment (see Table S1 available as Supplementary Data at Tree Physiology Online). Thus, the leaf P i supply decreased the mycorrhizal efficiency in this species, which was similar to previous results using soil with a high concentration of phosphorus.
Plant-AMF relation
Plants treated with AMF under non-saline conditions increased gas exchange values. Under saline conditions, they presented low decreases in gas exchange. The positive effects on gas exchange due to a symbiosis with AMF could be related to a high water flow inside plants because of an increase in the hydraulic conductivity of roots ) and in the activity of aquaporins (Bárzana et al. 2014 ). In addition, high assimilations in mycorrhizal plants are also related to a strong carbon sink, which is characteristic of AMF (Kaschuk et al. 2009 ). Furthermore, AMF plants showed high photosynthetic rates, leading to an increase in shoot biomass under salt stress and wellwatered conditions. Previous studies have also shown an increase in biomass in woody species under stressed conditions and symbiosis with AMF, such as in oak plants (Querejeta et al. 2007 ) and C. pyramidale under drought (Frosi et al. 2016b ). The leaf primary metabolism of AMF and Salt * AMF plants decreased starch, sucrose and SS and increased biomass. This indicates that these metabolites were related to growth. However, in Salt * AMF plants, sucrose content decreased and fructose content increased, the latter a monosaccharide involved in signaling abiotic stress (Liu et al. 2013 ). These plants accumulated proline as plants from other saline treatments, corroborating studies which reported that the presence of AMF promotes an increase in the levels of this amino acid . Proline is usually accumulated in plants subjected to salinity conditions. Thus, it could perform functions such as osmotic protection and energy reserve, serve as a nitrogen source and stabilize sub-cellular structures, energy drain and sequestration of reactive oxygen species (Evelin et al. 2009, Szabados and Savoure 2010) .
Another key point to the growth of Salt * AMF plants was the lowest content of the ions Na + and Cl − both in shoots and roots compared with other saline treatments. Studies show that plants associated with AMF present low levels of Na + (Zuccarini and Okurowska 2008) , and that colonization decreases the transport rate of this ion to shoots (Talaat and Shawky 2011 (Giri et al. 2007 ). Arbuscular mycorrhizal fungi may also promote a low absorption of Cl − by roots (Zuccarini and Okurowska 2008 ). An X-ray analysis of dispersive energy revealed low amounts of Na + and Cl − in Trigonella foenum-graecum legume plants colonized by AMF, confirming that these fungi induce a buffering effect on the absorption of these ions (Evelin et al. 2012 ). Studies using a mycorrhizal legume species under salinity conditions also reported a low accumulation of Na + in shoots, suggesting that AMF are able to protect leaves by regulating the absorption of soil toxic ions (Shokri and Maadi 2009) . Indeed, low contents of Na + and Cl − in mycorrhizal plants could also be related to the regulation of gene expression in roots and leaves involved in the homeostasis of these ions due to the volatile compounds produced by AMF (Ansari et al. 2013 , Contreras-Cornejo et al. 2009 ).
Leaf P i supply
Cenostigma pyramidale plants supplied only with P i in leaves were favored regarding photosynthesis throughout the experiment. This resulted in a high shoot biomass under non-saline conditions compared with Control plants. Several studies have shown that plants with a P i supply increased growth (Santos et al. 2004 , Singh et al. 2013 , Oliveira et al. 2014 (Rinaldelli and Mancuso 1996) . This keeps these ions inside the vacuole, preventing their actions in metabolic processes (Cantrell and Linderman 2001) . Moreover, Salt * P i presented a low Na + /K + ratio in roots, compared with the Salt treatment, and promoted cell metabolism (Evelin et al. 2009 ). The high content of chlorophyll is another factor associated with photosynthetic improvement, such as observed in P i and Salt * P i treatments. Indeed, high levels of chlorophyll have been attributed to nutritional improvements in P and N (Ruiz-Sánchez et al. 2010), as evidenced by plants with the supply only of P i under both conditions.
In both treatments with the supply of leaf P i , sugar metabolism changed under saline stress. In fact, suitable leaf P i content may act by regulating the synthesis or the degradation of starch under stress conditions through β-amylases (Liu et al. 2015) . Thus, the low concentration of sugars could be related to the increase in the enzymatic activity of invertase and sucrose phosphate synthase (Liu et al. 2015) .
Relations of plants with AMF * P i AMF * P i plants increased gas exchange under non-saline conditions and alleviated salt effects when compared with the respective Control. Compared with AMF, AMF * P i plants had a low photosynthesis under both conditions. This may be related to a low content of chlorophylls in relation to AMF. On the other hand, the high photosynthetic rates of AMF * P i plants compared with the Control and P i treatments and high shoot P and N contents resulted in gains in shoot dry biomass ( Figure 5 ). The highest shoot dry biomass under non-saline conditions observed for AMF * P i may be related to low concentrations of SS and mobilization of reserves (starch) when compared with other nonsaline treatments (Table 2 ). This indicates that these metabolites Figure 5 . Principal component analysis (PCA) based on the whole dataset of the study on young Cenostigma pyramidale at two mycorrhizal levels (+AMF and −AMF), two leaf P i supply levels (+P i and −P i ) and two salinity levels (+NaCl and −NaCl) in maximum stress day under greenhouse conditions (n = 4).
Tree Physiology Online at http://www.treephys.oxfordjournals.org were related to growth. However, this treatment presented lower values for biomass when compared with the AMF treatment under non-saline conditions. These results could be related to a high P i content in AMF * P i plants. In the soil, high P i concentrations may lead to a negative regulation of AMF and, consequently, may cause a growth decrease (Bonneau et al. 2013) . Probably, the supply of leaf P i promoted such a negative regulation in a well-watered AMF treatment.
Under saline conditions, Salt * AMF * P i plants had a large decrease in photosynthesis combined with a chlorophyll decrease, compared with isolated AMF plants, and an increase in energy storage as proline. Thus, such plants, under stress conditions, did not show an increase in biomass when compared with the Salt treatment, contradicting what we had hypothesized. Furthermore, under saline conditions, Salt * AMF * P i plants had a high shoot Cl − content, similar to the treatment Salt * P i . As discussed above, Cl − is an anion involved in membrane depolarization and cell turgor (Barbier-Brygoo et al. 2000) resulting in a high stomatal conductance, as observed for this treatment in relation to the Salt treatment. Moreover, a high P content in these plants may have promoted a greater stability of tonoplasts, favoring the compartmentalization of ions and avoiding damage to metabolic processes (Rinaldelli and Mancuso 1996, Cantrell and Linderman 2001) . As in other saline treatments with AMF or P i , these plants presented a low Na + /K + ratio only in roots, which could mean an improvement in tolerance to salinity by favoring various metabolic processes since Na + competes with K + sites, damaging the enzymes and the activation of protein synthesis (Evelin et al. 2009 ). Plants under saline conditions showed large decreases in gas exchange, photochemistry and mobilization of reserves. In this treatment, SS accumulated. It could be involved with signaling stress (Keunen et al. 2013) . Furthermore, Salt plants had a high content of Cl − in roots. However, in shoots, they did not show a high accumulation of this ion. The low transfer of Cl − from roots to shoots may be due to a low carrying capability of this ion through anion channels (Munns and Tester 2008) , indicating that this species has already some degree of tolerance to salinity without decreasing shoot dry biomass compared with the Control treatment. In summary, plants with a supply of leaf P i benefited under both conditions (well-watered and saline), with a higher content of chlorophylls and Car. On the other hand, plants treated with AMF and P i had increases in net photosynthesis rate, photochemical apparatus and biochemistry in both condition. However, plants treated with AMF under non-saline and saline conditions presented the highest increase in photosynthetic rates and shoot biomass. In fact, they presented a high selectivity regarding the absorption of Na + and Cl − ions under salt stress.
Conclusion
Cenostigma pyramidale plants benefited from the presence of leaf P i supply or AMF * P i regarding gas exchange under non-saline and saline conditions, and increased shoot biomass under nonsaline conditions. However, the isolated AMF promoted high net photosynthesis rate and the highest increase shoot biomass under non-saline and saline conditions, with greater tolerance under salt stress when compared with plants without supply of P i , AMF or both.
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